Rates of hydride abstractions from j3-silyl-, j3-germyl-, and B-stannyl-substituted silanes [HSiMeZ(CHzMMe3), M = Si, Ge, Sn] and related compounds by diarylcarbenium ions have been measured. The intermediate silicenium ions, produced in the rate-determining step, are stabilized by hyperconjugation, but the effects are much smaller than in comparable carbenium ions.
Introduction
The stabilization of carbenium ions by j3-sily1, j3-germyl, and j3-stannyl groups has been derived from solvolysis rates of j3-element-substituted alkyl derivatives,' rates of electrophilic addition to allyV and vinylelement3 compounds, and rates of hydride abstraction from element-substituted alkanes."
Traylor investigated hydride abstractions from tetraethylelement compounds by the trityl cation.4b The rate was found to strongly depend on the nature of the metal, indicating increasing hyperconjugative stabilization of carbenium ions in the order Si-C < Ge-C < Sn-C < Pb-c (Table I) . Similar effects have been discussed for the interaction between u(Si-CH2) and the singly-occupied p-orbital at germanium in germy1 radicals Me3-SiCH2(Me2)Ge0.7 The comparison with the rate of hydride abstraction in cycloheptatriene shows that the stabilization of *Dedicated to Professor R. P. Kreher on the occasion of his 60th birthday. 
Si, Ge, Sn. Pb) in HlCCN at +30 "e the j3-lead-substituted carbenium ion EtJPb-CH&HZ+ is comparable to that of the tropylium ion (p&+ = +4.76*).
Disubstituted alkanes M~~M -C H Z C H Z C H~M ' M~~
(1,3-dimetallopropanes, M or M' = C, Si, Ge, Sn, Pb) react considerably faster with Ph$+ (Table 11) . From themagnitude of the substituent effects it was concluded that bridging of the metal is not important in the transition state.
Recently, we reported rates of hydride abstractions from silanes and derived the effect of various substituents for stabilizing silicenium ions.98 In agreement with related experimental investigation^^^.^ and theoretical predictions,6 *-conjugation has been found to be much less effective for silicenium ions than for carbenium i0ns.~8 Comparison of the hydride abstractions from silanes, germanes, and stannanes showed the decreasing importance of ?r-conjugation with increasing size of the central at0m.w Analogously, hyperconjugation has been calculated to be more important in carbenium ions than in silicenium ions. Thus, at MP2/6-31G*//3-21G(*) eq 1 is exothermic by 33.1 kcal-mol-l compared with only 10.3 kcalsmol-1 for eq 2 (MP3/6-31G*// H3SiCH2CH3 + H3CCH; -+ H,SiCH2CH2+ + H3CCH3 (1) H3SiCH2SiH, + H3CSiH: -H3SiCH2SiH: + H3CSiH3
(2)
We have now studied the kinetics of hydride abstractions from 8-silyl-, &germyl-, and 8-stannyl-substituted silanes in order to derive the magnitude of byperconjugative stabilization in silicenium ions.
6-31G*).@

Methods
Colored solutiom of mono-and di(pmcthoxy)-substituted diphenylcarbenium ions were obtained by addition of the corresponding diarylchloromcthanes to solutions of TIC& or Me3SiOS02CF3 (TMSOTf) in CHzC12as described previously." The decay ofabsorbonceupon addition of the silanes was followed photometrically using fiber optics and the work station described earlier.*
Results
As reported for other silanes," the ryctions were found to follow a second-order rate law, first order with respect to silane and first order with respect to carbenium ion, in accord with the reaction mechanism described in Scheme I. Previous work9* has shown that the reaction rates are independent of the negative counterions, indicating that these are not involved in the ratedetermining step. In this way, a transition state involving pentacoordinate silicon was excluded, and SET processes were eliminated by studying kinetic isotope effects. Rate-determining formation of silicenium ions has thus been derived, though silicenium ions have not yet been observed as persistent entities in the condensed phase.10
In this work most hydride abstractions were carried out with the (p-anisyl)(phenyl)carbenium ion (~-H B C O C~H~) P~C H + in dichloromethane at -70 OC (Table 111) . In some cases, also the less electrophilic bis(p-anisy1)carbenium ion (~-H~C O C~H~) Z -CH+ has been employed, which proved to be 60 to 1 17 times less reactive than (p-H,COC6H4)PhCH+. ( 1 1 In order to corroborate that the observed decay of (p-H&OC6H4)PhCH+ in the presence of HSiMez(CHzSnMe3) indeed corresponds to the hydride abstraction from silicon and not to a reaction at another position, we have combined this carbenium ion with the analogous tetrasubstituted silane Me3-Si(CHzSnMe3). Now, the carbenium ion concentration remained constant within 15 min, while in the corresponding experiment with HSiMez(CHzSnMe3) the reaction was complete after approximately 1 min.
Discussion
The introduction of a 8-trimethylsilyl group in trimethylsilane increases the rate of hydride transfer by a factor of 7.8 (Scheme 11). While the second 8-(trimethylsilyl) group has no effect on reactivity, the third depresses the nucleophilicity to give a rate constant almost identical to that of trimethylsilane. These observations can be interpreted by a balance of steric and electronic effects. Whereas electronic effects are dominant when the first substituent is introduced, electronic and steric effects cancel for the second substituent, and steric effects dominate when the third trimethylsilyl group is added. Table IV shows that a slight reactivity increase occurs as the inductive donation of the substituents at the 8-silicon is growing.
A plot of log kz versus the u1 substituent constants (Figure 1) of the @-substituents shows a linear correlation for X = C1 to values also are not generally suitable for describing the effects of substituents directly attached to carbenium centers.13
The absolute value of the slope in Figure 2 shall, therefore, not be overinterpreted, but it can be used for comparison with the effects of the substituents CH2MMe3 on other reactions. As the slope of this correlation ( p = -2.76) is considerably smaller than in the analogous plot of log k values versus d(CHzMMe3) for hydride abstractions from the tetraethylelement compounds listed in Table I ( p = 13.8),4b.c it is concluded that u-z interaction is considerably weaker in the transition state of hydride abstractions yielding silicenium ions than in the transition state yielding carbenium ions (Scheme 111). This is probably a result of poorer orbital overlap for silicon than for carbon and the reluctance of silicon to participate in multiple bonding.6f.s An analogous dependence of the rate constants on 6 of CH2MR3 has been observed for the attack of benzhydryl cations at allylelement compounds, which also produces 8-element-stabilized carben- (13) 
Experimental Section
Details of the kinetic procedure and preparations for the carbenium precursors have been published elsewhere." The organoelement compounds have been synthesizedaccording to Pop~wski.~~ For HSiMcZ(CH+ GeMe3) the published procedure has been modified by using THF as the solvent for Me3GeCl. Inthisway,thcyieldofsideproducts [HSiMq(CH+ SiMe3) J could be reduced.
Dimethyl( (Mmtthylgermy1)methyl)silme. A solution of (bromomcthy1)dimcthylsilane (16.0 g, 0.104 mol) in ether (50 mL) was added dropwise to a suspension of magnesium turnings (2.80 g, 0.1 15 mol) in ether (50 mL) in an argon atmosphere. The solution of the Grignard reagent was decanted from the magnesium, and the yield was determined by acidimetric titration (99%). Next, 70 mL of the ethcral solution of (dimethylsily1)methylmagnesium bromide (0.070 mol) thus obtained was added dropwise to a solution of Me3GeCl (10.0 g, 0.065 mol) in tetrahydrofuran (70 mL). The mixture was stirred for 4 h at 35 "C, kept at ambient temperature for 15 h, and then hydrolyzed with an aqueous NH4Cl solution (20%). The organic layer was separated, and the aqueous layer was extracted with ether. After the combined organic layers were washed with NaHCO3 solution and water and dried over CaCl2, and the solventsevaporatcd, themixture wasdistilledover a lO-cm Vigreuxcolumn to give HSiMez(CHzGeMe3) (4.74 g, 38%) with bp 130 "C (lit.14 bp 134-135 "C). GC analysis indicated a purity of >99%. 'H-NMR (CCL): Dimethyl(aeopenty1)shm. Neopentyl bromide and lithium were combined according to published proceduresls to give neopentyl lithium in 28 and 29% yield (by Gilman titration16), respectively. A solution of neopentyl lithium (50 mmol) in n-hexane (100 mL) was added dropwise to a solution of chlorodimethylsilane (4.26 g, 45 mmol) in ether (50 mL, purified by distillation over Na and PhzCO), which was cooled in an ice bath (15 min, Ar atmosphere). The mixture was then heated under reflux for 5 h and worked up as described above to give 4040% of HSiMez(CH2CMel) (2.35-2.93 g) with bp 110-112 "C (lit.17 bp 110.2 "C). A contamination (probably 2,2,5,5-tetramethylhexane formed during the preparation of neopentyl lithium) could not be removed by distillation. The product has, therefore, been purified by preparative GC (column length 3 m, 0.d. 1 cm; 20% GE SE 30 on chromosorb WAW DMCS,oven temperature80 "C). IR (n-hexane): i 2120. 
